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(54) HONEYCOMB STRUCTURALBODYANDMETHODOFMANUFACTURINGTHESTRUCTURAL 
BODY 



(57) A honeycomb structure 1 having numerous 
through channels passing through along the X axis and 
being partitioned with porous partition walls 2 which Is 
characterized In that: a total pore volume (D) cc/g in end 
portions of the partition walls 2 is smaller than the total 
pore volume in other portions of partition walls 2; and 
relationships between the total pore volume (D) cc/g in 
end portions and the partition wall thickness (B) fim and 



cell pitch (C) mm in other portions of partition walls are 
defined as; the total pore volume (D) ^the partition wall 
thickness (B) x 0.004, and the total pore volume (D) ^ 
(1/the cell pitch (C)) x 0.18; and a method of producing 
a honeycomb structure. There is provided with the hon- 
eycomb structures 1 having various cell structures and 
being reinforced at their end portions, with exhibiting 
satisfactory and practical erosion resistance. 



FIG. 1(a) 



FIG. Kb) 
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Description 

Technical Field 



[0001] The present invention relates to a honeycomb structure, in particular, a honeycomb structure excellent espe- 
cially in erosion resistance and suitable especially for devices for purifying automobile engine exhaust gas or the like 
and a method for producing the same. 



Background Art 



[0002] Honeycomb structures are widely used as filters, catalyst earners, or the like, In particular, as catalyst earners 
in devices for purifying the exhaust gas of internal combustion engines such as automobile engines, and filters for 
purifying the exhaust gas of diesel engines. 

[0003] When honeycomb structures are used as a carrier for a catalyst or the like In the devices for purifying auto- 
mobile exhaust gas or the like, it is required to improve the purification performance of the catalysts for purifying exhaust 
gas in order to meet the exhaust gas regulation tending to be stepped up year by year In consideration of the environ- 
mental issues. On the other hand, the directivity toward high mileage and high output power is remarkably observed, 
and the reduction of the pressure loss Is also required, In case of the catalysts for purifying exhaust gas In order to 
cope with such circumstances, from the viewpoint of the engine development. 
20 [0004] Accordingly, in order to soive the above described problems, there is observed such an intensified movement 
that the partition wall thickness and the circumferential wall thickness of the honeycomb structures are made thinner 
so that the air permeability is improved and the pressure loss is thereby reduced, and simultaneously the exhaust gas 
purifying catalysts are reduced in weight and the heat capacities thereof are reduced, and the purifying performance 
in the wamri-up period Is thereby improved. 

[0005] There are problems, due to this thinning mentioned above, that the partition wall strength and circumferential 
wall strength of the honeycomb structures are lowered, and. In particular, the wear (hereinafter referred to as erosion) 
of the opening end face exposed to the high-pressure exhaust gas discharged from an engine, namely, the wear of 
the partition wall end portions becomes severe. 

[0006] As a measure to solve such problems, for example. JP-A-2000-51 71 0 discloses a honeycomb structure pro- 
vided witli reinforced portions In the partition wall end portions and a production method thereof. In this laid-open 
specification, there is disclosed a honeycomb structure having an improved strength by thickening and denslfying the 
partition walls, and coating and replacing the partition walls with a reinforcing material. Furthermore, as for the end 
portions of a honeycomb structure, it has been tried to make the partition walls thicker and denser around the end face 
by a method wherein a glass material such as glaze or water glass is applied onto the opening end face and firing is 
made, by a method wherein some particular components of the material composing a honeycomb structure such as 
cordierlte are simllariy applied and firing is made, and the like. 

[0007] Although the above laid-open specification discloses that the end face strength against the pressure applied 
to the end face is improved by the end face reinforcement as described above. It is not disclosed to what extent the 
erosion resistance Is improved. Moreover. It discloses roughly the relationship between the fundamental wall thickness 
of a partition wall and the wall thickness of the reinforced portion, however, it falls to carry out any investigation on the 
relation between the actual erosion resistance and the cell structure of the honeycomb structure, in particular, the cell 
density, the equivalent cell diameter, the total pore volume or the like; and hence there Is a problem that the reinforce- 
ment effect is not ful ly exhibited or the pressure loss increase and heat capacity increase are brought about, depending 
on the cell structure of the honeycomb structure having the reinforcement applied. 



Disclosure of the Invention 



[0008] The present Invention has been completed in view of the above described circumstances, and an object 
thereof is the provision of honeycomb structures having various cell structures each capable of exhibiting a satisfactory 

50 and practical erosion resistance and a production method thereof. 

[0009] The present inventors investigated in detail the erosion phenomena, and consequently found that the erosion 
phenomena was caused not only by the pressure exerted by the exhaust gas onto the end face of the catalyst, but 
also more frequently by the foreign substances colliding with the end face of the catalyst carrier when foreign substances 
were generated from the engine and exhaust pipe and came to be mixed in the exhaust gas, and also found the 

S5 relationships between such erosion phenomena and the partition wall thickness, cell density, equivalent cell diameter, 
total pore volume, and amount and type of a reinforcing material. Thus, the present inventor came to attain the present 
invention. 

[0010] That is. a first aspect of the present Invention is the provision of a honeycomb structure which has a large 
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number of through channels passing through in an axiai direction thereof and being partitioned by the porous partition 
waiis, and Is characterized in that: a total pore volume (D) cc/g in an end portion of an above described partition wall 
is smaller than the total pore volume In the other portion of the partition wall; and the relationships between the total 
pore volume (D) cc/g in the end portion of the above described partition wall and the partition wall thickness (B) }im 
5 and the ceil pitch (C) mm of the other portion of the partition wall are defined as the total pore volume (D) ^ the partition 
wall thiclcness (B) x 0.004, and the total pore volume (D) ^ (1Ahe cell pitch (C)) x 0.18. 

[0011] A second aspect of the present invention is the provision of a honeycomb structure which has a large number 
of through channels passing through in an axial direction thereof and being partitioned by the porous partition walls, 
and is characterized in that: the end portions of the above described partition walls are reinforced with a reinforcing 
10 material; and the mass of the reinforcing matenal contained Is from 5 to 25 parts by mass In relation to 100 parts by 
mass of the honeycomb structure In the portions to be reinforced prior to the reinforcement. 

[0012] , A third aspect of the present Invention is the provision of a honeycomb structure which has a large number 
of through channels passing through In an axial direction thereof and being partitioned by the porous partition walls, 
and is jcharacterized in that: the content of phosphorus (P) and/or zirconium (Zr) in the end portions of the above 
IS described partition walls is larger than the con-espondlng content in the other portions of the above described partition 
walls. 

[0013] In the present invention, It is preferable that the content of one or, two or more elements selected from the 
group consisting of phosphorus (P), zirconium (2r), silicon (Si), aluminum (Al), and titanium (Ti), in the end portions of 
the partition walls, is larger than the corresponding content in the other portions of the above described partition walls, 
20 and It is preferable that the relationship between the difference (AB). \xir\ between the partition wall thickness in the end 
portion of an above described partition wall and the partition wall thickness In the other portion of the above described 
partition wall and the hydraulic diameter (F) jim of the through channels in the other portion of the above described 
partition wall is defined as AB < the hydraulic diameter (F) of the through channels x 0.13. 

[0014] IVloreover, It is preferable that the end portion of a partition wall falls within the portion of 30 mm from the end 

25 face of the partition wall, and It is preferable that the relationships between the axial length of the end portion of a 
partition wall (G) mm and the partition wall thickness of (B) \um and cell pitch (C) mm of the other portion of the partition 
wall are defined as the axial length of the end portion of the partition wall (G) > (1/the wall thickness (B)) x 50, and the 
axial length of the end portion of the partition wall (G) ^ the cell pitch (C) x 1.0. Furthermore, it is preferable that the 
thermal expansion coefficient of the end portion of a partition wall is 4 x lO-^AC or less, and It is preferable that the 

30 ratio of the thennal expansion coefficient of the end portions of the partition walls to the themrial expansion coefficient 
of the Qther portions of the partition walls is 8 or less. Moreover, It is preferable that the above described honeycomb 
structure. of the invention is composed of one, or two or more materials selected from the group consisting of cordierite, 
alumina, titania, aluminum titanate, zeolite, zirconia, zirconyl phosphate, silicon carbide, and silicon nitride, and it is 
preferable that the number (H) of the through channels per unit cross sectional area (1 cm^) is 1 87 or less. 

35 [0015] The present invention further provides a method for producing honeycomb structures which have a large 
number of through channels passing through in an axial direction thereof and being partitioned by the porous partition 
walls and comprise the reinforced end portions of the partition walls, and which method Is characterized in that the 
method includes a firing process to be conducted after one, or two or more raw reinforcing materials selected from the 
group consisting of phosphoric acid, aluminum biphosphate, a zirconia sol, a silica sol, a comosite oxide of silica and 

40 an alkali metal, an alumina sol, and a titania sol are made to adhere onto the end portions of the partition walls In the 
honeycomb structures. 

[0016] The present Invention also provides a method for producing the above described honeycomb structures, 
which method is characterized in that the method Includes a firing process to be conducted after one, or two or more 
raw reinforcing materials selected from the group consisting of phosphoric acid, a zirconia sol, a silica sol, an alumina 

45 sol, a titania sol, cordierite scrap powder, talc, alumina, and kaoline, are made adhere. 

[0017] In the above. described methods, It is preferable that the process of adhesion of the raw reinforcing materials 
is Interposed between the forming process of honeycomb structures and the firing process of honeycomb structures, 
but additionally it is also preferable that a first firing is conducted after the fonning process of honeycomb structures, 
subsequently the above described process of making raw reinforcing materials adhere onto honeycomb structures, 

so and then a second firing is conducted. 

Brief Description of the Drawings 
[0018] 



55 



Figure 1 (a) is a schematic oblique perspective view showing a mode of a honeycomb structure of the present 
invention, and Figure 1 (b) Is a schematic plane view showing a mode of the honeycomb structure of the present 
invention. 
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Figure 2 (a) is a schematic view of II-II section in Figure 1 (b), and Figure 2 (b) is an enlarged schematic view of 
11 (b) portion in Figure 2 (a). 

Figure 3 is an enlarged schematic view of the section in a mode of the honeycomb structure of the present invention. 
Figure 4 shows a mode of the present invention, and is an enlarged schematic view of the partition wall portion 
corresponding to Figure 2 (b). 

Figure 5 is a graph showing the number of revolutions of the engine in an erosion test. 
Figure 6 Is a view schematically illustrating a method of measuring the magnitude of erosion. 

Best Mode for Carrying Out the Invention 



[0019] Description will be made below on the present invention on the basis of the preferred embodiments, but the 
present invention is not limited by the following embodiments. 

[0020] Figures 1 (a) and (b). and Figures 2 (a) and (b) are schematic views showing an embodiment of a honeycomb 
structure related to the present Invention. A honeycomb structure 1 shown in Figures 1 (a) and (b) has a large number 
of through channels 3 passing through in an axial direction thereof and being partitioned by porous partition walls 2. 
Incidentally, reference numeral 4 in Figures 1 (a) and 1 (b) denotes a circumferential wall. 

[0021] The important features of a first aspect of the present invention are; the total pore volume (D) cc/g in an end 
portion 21 of a partition wall 2 shown In Figures 2 (a) and (b) is smaller than the total pore volume in the other portion 
(hereinafter referred to as the fundamental portion of the partition wall) 23 of the partition wall 2; the relationship between 
the total pore volume (D) cc/g in the end portion 21 of the partition wall and the wall thickness (B) |im in the fundamental 
portion 23 of the partition wall is defined as (D) < (B) x 0.004, preferably (D) < (B) x 0.003, more preferably (D) ^ (B) 
X 0.0025; and the relationship between the total pore volume (D) cc/g of the end portion 21 of the partition wall and 
the cell pitch (C) mm of the fundamental portion of the partition wall Is defined as (D) 5 (1/(C)) x 0.18. preferably (D) 
^ (1/ (C) ) X 0.15. more preferably (D) < (1/(C)) x 0.11. 
25 [0022] In the present invention, the total pore volume (D) denotes the total sum of the volumes of the pores per unit 
mass In the relevant portions of a porous honeycomb structure, and is the value given In cc/g obtained by the mercury 
Intrusion method. The partition wall thickness (B) denotes the average thickness In the fundamental portions 23 of the 
partition walls and is given In jim. The end portion 21 of a partition wall covers the end face portion and the neighborhood 
thereof of the partition wall 2. as shown in Figures 2 (a) and (b), denotes the portion that should be reinforced, and Is 
the portion of the partition wall which falls in the range preferably from 1 mm or more to 30 mm or less from the end 
face portion 21 a, more preferably from 3 mm or more to 1 5 mm or less, most preferably from 5 mm or more to 1 0 mm 
or less. When this range is too small, satisfactory reinforcing effect cannot be obtained, while when this range is too 
large, the heat capacity is unpreferably increased. The fundamental portion 23 of a partition wall Is the portion other 
than the above described end portion of the partition wall, and denotes the non-reinforced portion of the partition wall. 
Moreover, the cell pitch denotes the length per through channel 3 In the section of the honeycomb structure 1 as 
denoted by a In Figure 3. 

[0023] In general, the strength is lowered as the partition wall thickness Is made thinner, while the strength is In- 
creased as the total pore volume is made smaller. From the viewpoint of attaining a practical erosion resistance, when 
the total pore volume In the end portions 21 of the partition walls is deternilned. It is necessary to consider not only the 
40 partition wall thickness but also the cell pitch; when the total pore volume in the end portions 21 of the partition walls 
satisfies the above described relationships, a practical erosion resistance can be obtained. In other words, when the 
total pore volume of the end portions 21 of the partition walls is decreased according to the jDroportions defined by the 
above described relationships as the cell pitch Is increased, a practical erosion resistance can be obtained. Additionally, 
as for the absolute value of the total pore volume, when the total pore volume Is too small, the adhesive property of 
the catalyst Is unpreferably degraded, while when it is too large, no sufficient reinforcing effect can be obtained. The 
range of the total pore volume falls within the range preferably from 0.01 to 0.2 cc/g, more preferably from 0.1 to 0.18 
cc/g, most preferably from 0.15 to 0.17 cc/g. 

[0024] The important features of a second aspect of the present Invention are as follows: the end portions 21 of the 
partition walls In the honeycomb structure are reinforced with a reinforcing material; and the reinforcing material is 
contained in from 5 to 25 parts by mass, more preferably from 10 to 20 parts by mass in relation to 100 parts by mass 
of the honeycomb structure before reinforcement in the reinforcement portion, namely, the end portions 23 of the 
partition walls. By making the mass of the reinforcing material be within these ranges, a honeycomb structure can be 
obtained which exhibits a practical erosion resistance while suppressing the pressure loss increase and the heat ca- 
pacity increase. When the mass of the reinforcing material Is too large, the heat capacity unpreferably becomes too 
large, while when the mass of the reinforcing material is too small, the reinforcing effect unpreferably becomes Insuf- 
ficient. Additionally, from the similar reason, it is unpreferable that the mass of the reinforcing material relative to the 
total mass of the honeycomb structure before reinforcement Is either too large or too small. The preferable range of 
the reinforcing material is from 0.5 to 10 parts by mass when the total mass of the honeycomb structure before reln- 
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forcement Is taken to be 1 00 parts by mass. 

[0025] The important feature of a third aspect of the present Invention is that the content of phosphorus and/or 
zirconium in the end portions of the partition walls of the honeycomb structure is larger than the corresponding content 
in the other portions of the above described partition walls. The erosion resistance In the end portions 21 of the partition 
walls is improved by mal<ing the content of phosphorus alone, the content of zirconium alone, or the content of both 
of phosphorus and zirconium in the end portions 21 of the partition walls larger than the corresponding content in the 
fundamental portions 23 of the partition walls. In order to thus Increase the content of phosphorus and/or zirconium in 
the end portions 21 of the partition walls, it is suitable to reinforce the end portions by using as the reinforcing material, 
for example, the components containing phosphorus and/or zirconium such as phosphoric acid, aluminum biphosphate, 
a zirconia sol, or the like. Moreover, from the viewpoint of improving the erosion resistance, It is also preferable that in 
addition to phosphorus and zirconium, the content of one or more than one types of elements selected from silicon 
(SI) , aluminum (Al), and titanium (Ti) is larger than that In the fundamental portions 23 of the partition walls. The content 
of the above described elements can be made larger in the end portions of the partition walls through reinforcing the 
end portions by using as the reinforcing material, for example, the materials contairiing the above described elements 
such as a silica sol, an alumina sol, and a titania sol. 

[0026] In the present Invention, sometimes the partition wall thickness of the reinforced end portions 21 of the partition 
walls becomes thick by reinforcing the end portions 21 of the partition walls, as shown in Figure 4. The relationship 
between the difference (AB) p.m between the partition wall thickness in the reinforced end portions 21 of the partition 
walls and the partition wall thickness in the fundamental portions 23 of the partition walls, namely, the thickness of the 
non-reinforced partition walls, that is, the thickness increment per partition wall due to reinforcement and the hydraulic 
diameter (F) jim of the through channels in the fundamental portions 23 of the partition walls is given preferably by the 
relation that AB < (F) x 0.13, more preferably by the relation that AB ^ (F) x 0.07. Iri this connection, the hydraulic 
diameter is the quantity obtained by dividing the sectional area (p) of a through channel 3 by one-fourth the inside 
perimeter (q) of the partition wall enclosing the through channel, and is represented by (F) = (px4)/(q). The Increment 
of the pressure loss can be suppressed by making the relation between the reinforcement thickness (AB) of the partition 
walls and the hydraulic diameter In the fundamental portions 23 of the partition walls satisfy the above described 
relationships, that is, by making the reinforcement thickness of the partition walls thinner in a certain proportion to 
satisfy the above described relationships as the hydraulic diameter is decreased. 

[0027] Additionally, the reinforcement thickness remarkably larger than the partition wall thickness before reinforce- 
ment not only causes the pressure loss to Increase but also induces the break in the boundaries between the reinforced 
portions .and the non-reinforced portions, and hence it is preferable to make the following relationship hold: AB < (B) 
X 0.4, and it is more preferable to make the following relation hold: AB < (B) x 0.2. 

[0028] ^ In the present invention, the axial length (G) mm of the end portion of a partition wall, namely, the reinforcement 
range falls In the range preferably from 1 mm to 30 mm axlally from the end face portion 21 a, more preferably from 3 
mm to 1.5 mm, most preferably from 5 mm to 10 mm. In the relationship with the partition wall thickness (B) jim and 
the cell pitch (C) mm, it is preferable that the axial length (G) mm of the end portion of the partition wall a (1/the partition 
wall thickness (B)) x 50, and simultaneously the axial length (G) mm of the end portion of the partition wall ^ the cell 
pitch (C) X 1 .0. Furthermore, It is preferable that the axial length (G) mm of the end portion of the partition wall ^ (1/ 
(B))160, and it is preferable that (G) > (C) x 3.5. In other words, It is preferable that as the partition wall thickness is 
made thinner, the length of the reinforced end portion of the partition wall Is made longer In a certain proportion corre- 
sponding to this wall thickness variation, and it is preferable that as the cell pitch is made larger, the length of the 
reinforced end portion of the partition wall is made longer in a certain proportion corresponding to this cell pitch variation. 
[0029] Moreover, it is very important that the end portions 21 of the partition walls, particularly, the end face portions 
21a of the partition walls to which foreign substances collide directly with a high probability are reinforced without fall. 
Accordingly, it is preferable to reinforce, as Figure 4 shows, by applying a reinforcing material onto the top end surfaces 
of the end face portions 21 a of the partition walls, or by the like procedures. 

[0030] The honeycomb structure of the present invention is the one in which the end portions 21 of the partition walls 
are reinforced with a reinforcing material, and the themnal expansion coefficient of the end portions 21 of the partition 
walls is frequently varied owing to the reinforcement of the end portions 21 of the partition walls with a reinforcing 
material. It is unpreferable that the themrial expansion coefficient of the end portions 21 of the partition walls in the 
honeycomb structure 1 is too large, because a problem of crack tends to occur owing to thermal stress particularly 
when the honeycomb structure is used for treatment of automobile exhaust gas or the like. The thennal expansion 
coefficient of the end portions 21 of the partition walls in the honeycomb structure of the present invention is preferably 
4 X 1 0-6/«c or less, more preferably 2 x 1 Q-^/'^c or less, most preferably 1.5x1 0'^/^'C or less. Moreover. It is unpref- 
erable that the difference between the thermal expansion coefficient of the end portions 21 of the partition walls and 
the thermal expansion coefficient of the fundamental portions 23 of the partition walls Is too large, because crack tends 
to occur owing to thenrial stress in the boundary portions. The ratio of the thermal expansion coefficient of the end 
portions 21 of the partition walls to the thermal expansion coefficient of the fundamental portions 23 of the partition 
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walls is preferably not larger than 8, more preferably not larger than 4, most preferably not larger than 3. 
[0031] As for the honeycomb structure of the present invention, there can be cited a honeycomb structure made of, 
for example, one or more than one types of materials selected from the group consisting of cordierite, alumina, titania. 
aluminum titanate, zeolite, zirconia, zirconyl phosphate, silicon carbide, and silicon nitride. When the present invention 
is applied to, among others, for example, cordierite or the lil<e low in material strength, a high effect of the present 
invention is attained. 

[0032] In the present Invention, it is unpreferable that the number (H) of the through channels per unit cross sectional 
area of the honeycomb stmcture. namely, the cell density Is too low, because the strength is degraded, and simulta- 
neously the contact area with the fluid being treated such as exhaust gas is decreased. Additionally, it Is unpreferable 
that the cell density is too high, because the pressure loss is increased. The preferable cell density falls In the range 
from 0.9 to 233 cells/cm2 (from 6 to 1500 cells/square inch). Particularly, the present invention can be suitably applied 
to a honeycomb structure which Is low in cell density and liable to erosion, and it is preferably applied to a honeycomb 
structure with the cell density of 187 cells/cm^ (1200 cells/square Inch) or less. 

[0033] Moreover, the sectional shape of the honeycomb stmcture of the present invention may be formed Into a 
prescribed shape suitable for the internal shape of the exhaust system to which the honeycomb structure Is equipped, 
and examples of such a shape include a circle, an ellipse, an oblong figure, a trapezium, a trigon, a tetragon, a hexagon, 
and an irregular shape of left-right asymmetry. Among others, the circle, the ellipse, and the oblong figure are preferable. 
[0034] l^oreover. there is no particular limitation to the sectional shape of the cell used in the present invention, and 
examples of such a shape include a'circular form, a corrugated fomi, a trigon, and polygons higher than trigon such 
as a square, a rectangle, and a hexagon. Among others, the trigon, the tetragon, or the hexagon is preferable. 
[0035] in the present invention, it is unpreferable that the partition wall thiclcness in the fundamental portions 23 of 
the partition walls, namely, the partition wall thiclcness in the non-reinforced portions of the partition walls is too th|ck. 
because the pressure loss increase and the heat capacity Increase are caused; it is also unpreferable that the above 
mentioned thickness is too thin, because the strength becomes too low. The above-mentioned thickness preferably 
falls in the range from 20 to 200 [im. The present invention can yield a remarkable effect particularly when the partition 
wall thickness Is thin, and hence it is particularly preferable that the partition wail thickness of the fundamental portions 
23 of the partition walls in the present invention ranges from 20 to 120 \im. With the thickness not larger than 70 pm, 
a further higher effect can be attained. 

[0036] Description will be made below on the method of producing the honeycomb structure of the present invention. 
[0037] For example, a honeycomb structure made of cordierite as a material is produced by the following steps in 
series: 15 to 25 mass % of graphite as a pore forming agent, and 5 to 15 mass % of PET, PMIVIA, cross-linked poly- 
styrene, phenolic resin, or the like are added to cordierite-forming raw material prepared by blending talc, kaolin, cal- 
cined kaolin, alumina, aluminum hydroxide, and silica in a prescribed proportion so as to make the resulting chemical 
composition be composed of 42 to 56 mass % of Si02, 30 to 45 mass % of AI2O3, and 12 to 16 mass % of MgO; then, 
methyl cellulose and a surfactant are added In the prescribed amounts, and water is added appropriately and kneaded 
to obtain a puddle. Then, the puddle is degassed under vacuum; extrusion formed into a honeycomb structure, dried 
by the dielectric drying or microwave drying method and the hot air drying method. Thereafter, a usual honeycomb 
structure is produced by perfomning a first firing process at the highest temperature between 1400 to MSS'^C. 
[0038] In the next step, the end portion of the honeycomb structure produced by the above described method may 
be reinforced as follows: the end portion Is immersed to a prescribed depth into a liquid containing a reinforcing raw 
material to make the reinforcing raw material adhere the end portion, then taken out, and a second firing is performed, 
for example, for about one hour at 600°C. In the present invention, it is preferable to use, as a reinforcing raw material, 
a substance which contains P, 2r, Si, Al, and Ti; phosphoric acid, aluminum biphosphate, a zirconia sol, a silica sol. a 
composite oxide composed of silica and an alkali metal, an alumina sol, and a titania sol are suitably used in addition 
to cordierite scrap powder, talc, alumina, and kaollne. Particularly, phosphoric acid, aluminum biphosphate, a zirconia 
sol, a silica sol. a composite oxide composed of silica and an alkali metal, an alumina sol, and a titania sol are small 
in grain size and appropriate in viscosity, and hence are suitably used. These substances may be used each alone or 
in combinations with a plurality of reinforcing raw materials. When a plurality of reinforcing raw materials are combined, 
a silica sol + cordierite scrap powder or the like are among the suitable combinations. Additionally, when a plurality of 
reinforcing materials are combined, these materials may be mixed with each other, or may me made to adhere sepa- 
rately and successively For example, it is a suitable embodiment that a silica sol is first made to adhere onto the part 
to be reinforced, and then a silica sol + cordierite scrap powder is made to adhere. In this case, after the adhesion of 
a first reinforcing material, a firing process may be performed in a interposing manner, and successively a second 
reinforcing material may be made to adhere; In addition, the process interposed between the adhesion processes of 
the first and second reinforcing materials may be limited to drying, but it is preferable to finally fire to fix the reinforcing 
materials to the honeycomb structure. 

[0039] Such a process for reinforcing a honeycomb structure can be perfonned after a usual honeycomb structure 
has been produced by the first firing as described above. In this case, handling of the honeycomb structure is easy in 
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the reinforcement process. Additionally, the end portions can be reinforced as follows: a honeycomb structure is im- 
mersed into a liquid containing reinforcing raw materials to make the reinforcing raw materials adhere, after the forming 
of a honeycomb structure and before the firing, as described above, and then the honeycomb structure Is taken out 
and fired. In this case, the merit is that the firing process can be finished only once. 
5 [0040] In case where the liquid containing tfie reinforcing material Is made to adhere to the fomned honeycomb 
structure after the fomrjing of the honeycomb structure and before the firing, it is preferable that the adhering liquid Is 
water Insoluble when a water soluble forming aid is used during forming of the honeycomb structure, but on the contrary 
the adhering liquid is water soluble when a water insoluble forming aid is used during fonning of the honeycomb struc- 
ture, because the formed body can be prevented from defomiation during the adhesion operation. As for the adhering 
10 liquid, a reinforcing material or various liquids containing the components constituting the reinforcing material, for ex- 
ample, aqueous solutions thereof or the like nriay be used; in the case where the reinforcing material is powdery, a 
suspension (slurry) obtained by mixing the reinforcing material with a liquid substance such as solvents may also be 
used. Furthermore, It Is preferable that a sol or the like containing the reinforcing material Is used, because the following 
advantages are attained: a viscosity suitable for adhesion Is obtained; the penetrability into the pores and adhesion to 
IS surfaces are high; and the firing can be made at a relatively low temperature of 200 to 800**C. The viscosity of the 
liquid containing the reinforcing material ranges preferably from 2 to 20, 000 cps, more preferably from 5 to 200 cps. 
With the viscosity not larger than 2 cps, the adhesion amount Is decreased and there occur the following problems: 
the reinforcing effect comes short; the number of repeated adhesion operations is increased; orthe like. On the contrary, 
with the viscosity exceeding 20,000 cps, clogging tends to occur during the adhesion operation. Furthermore, In the 
20 case where the reinforcing material is powdery, it is preferable to make the average grain size 20 \xm or less, because 
satisfactory adhesion to the honeycomb structure can be obtained. Furthermore, it Is preferable to make the average 
grain size 5 \irr\ or less, because the penetrability of the reinforcing material powder into the pores is enhanced. 
[0041] When firing of the reinforcing material Is separately performed, namely, the reinforcing raw material Is made 
to adhere after the honeycomb structure has been produced by the first firing, and then the second firing is performed, 
25 the temperature for the second firing is preferably the temperature for firing the honeycomb structure or less. When 
the temperature for the second firing is too high, In addition to the cost problems that the firing apparatus becomes 
large In scale and energy consumption is large, there is a possibility that the honeycomb structure Is melted to be 
broken, or damaged, while when the temperature for firing is too low, sufficient reinforcement cannot be attained. The 
preferable temperature for the second firing Is from 200 to QOO^'C. 
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50 



(Examiales and Comparative Examples) 



[0042] -^The present invention will be explained more specifically below on the basis of Exaniples; however, the present 
invention is not restricted to these Examples. Incidentally, in the following Examples, the percentages In the composition 
35 ratios signify mass% unless otherwise specified. 

Production of Honeycomb Structures 

[0043] After weighing prescribed amounts of raw material powders of talc, kaoline, and aluminum hydroxide, 8 % of 
40 hydroxypropylmethyl cellulose, 0.6 % of lauric acid potassium soap, 2% of polyether, and 28 % of water were mixed 
thereto with respect to the total of those materials as 100 %, using a mixer. Then, the obtained mixture was charged 
into a continuous forming machine, and formed into a honeycomb stmcture. The structure was cut to the prescribed 
dimension, andfired while maintained at the highest temperature of 1430^0 for4 hours, to give a honeycomb structure 
A in which the partition wall thickness was 51 jim (2 mil) and the cell density was 139.5 cells/cm^ (900 cells/square 
45 inch). Similarly, there were obtained a honeycomb structure B in which the partition wall thickness was 1 02 jxm (4 mil) 
and the cell density was 93 cells/cm^ (600 cells/square inch), and a honeycomb structure C In which the partition wall 
thickness was 102 \irr) and the ceil density was 54.3 cells/cm^ (350 cells/square inch). 



(Examples 1 to 8) 



[0044] The one end face of the honeycomb structure A was immersed in a silica sol at the prescribed depth, and 
then the immersed end face was maintained to be the bottom side and the surplus liquid remaining in the cells was 
blown away by applying compressed air from the other end face. When the reinforcing material amount did not reach 
the prescribed amount through the above-described operation, the above operation was repeatedly performed until it 
55 reached the prescribed amount. The honeycomb structure with the reinforcing material made to adhere by the above 
operation was fired at 600'*C for one hour, and a honeycomb structure was obtained in which the end portions of the 
partition walls have the prescribed total pore volume (D), reinforcement thickness (AB) (Inclusive of the both sides of 
the partition wall), reinforcement mass, end portion length (G), and thermal expansion coefficient, all shown in Table 
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1. Incidental^, the adjustnnent of the total pore volume, reinforcement thicl<ness, and reinforcement mass was per- 
formed by varying the number of the immersing operations and the viscosity and grain size of a silica sol. Moreover, 
the thermal expansion coefficients were measured using the specimens cut out, along the direction perpendicular to 
the axis, from the end portions of the honeycomb structures, in the temperature range of from 40®C to 8O0'*C with a 
thermodilatometer (Rigaku, Corp., high precision two specimen themnoanalyzer), 

(Measurement of the Total Pore Volumes) 

[0045] The total pore volumes were measured by using a porosimeter (MIcromeritlcs. AutoPore 9220) according to 
the following procedures. 

Measurement Procedures 

[0046] 

(1) A specimen of 0.1 g or more was cut out from a honeycomb structure. 

(2) The specimen was dried at 150*0 for 2 hours, and then put Into a container and the container was set In the 
apparatus. 

(3) Mercury was intruded into the container by exerting a pressure of 68. 6 IVlPa (700 kgf/cm^), and the mercury 
volume absorbed by the specimen was measured, from which the total pore volume was calculated. 

(Evaluation of the Erosion Resistance) 

[0047] The honeycomb structures obtained in Examples 1 to 6 and the honeycomb structure A itself with non-rein- 
forced end portions as Comparative Example 1 were held and housed in metallic cans, and the cans were connected 
to the exhaust port of an in-line four-cylinder gasoline engine with 1 .8 liter displacement. More specifically, the samples 
were arranged immediately close to the engine. Then , underthe conditions shown In Figure 5, the engine was operated, 
and 0.1 g of an abrasive grain (silicon carbide, average grain size 50 jtm) was put into the exhaust gas port located 
upstream the honeycomb structure when the number of revolutions reached 6,000 rpm. Furthermore, the engine was 
operated continuously underthe conditions shown in Figure 5, and charging of the abrasive grain was made one time 
every 2 cycles and this charging operation was continuously repeated, with one cycle taking 130 seconds. The test 
were performed several times while the total charge amount of the abrasive grain was varied to the extent ranging 
from about 2 g to the order of 1 6 g. From the results thus obtained, the erosion magnitude (wind erosion volume) of a 
honeycomb structure for the abrasive grain charge amount of 10 g was calculated. 

[0048] The erosion magnitude was determined, as shown in Figure 6, a rubber sheet was wound around the proc- 
essed end surface of the honeycomb structure 1 for which surface the erosion magnitude was to be measured, ceramic 
beads 70 of 1 .5 mm in diameter were packed thereinto up to the height of about 3 mm. and then the beads were 
recovered and the total volume of the beads was measured, and an erosion magnitude was determined from the 
difference between the total bead volumes thus detemnined after and before the erosion test. The erosion magnitude 
Is given as an average magnitude after three times repetition. 

[0049] The results are shown in Table 1 . As described above, a silica sol has an appropriate viscosity and an appro- 
priate grain size, and simultaneously allows for the viscosity and grain size to be adjusted, and accordingly the use of 
a silicasol permitted appropriate reinforcing of the end portions. As compared with Comparative Example 1 , the samples 
of Examples 1 to 6 are smaller In erosion magnitude, and exhibit satisfactory erosion resistances. Moreover, the total 
pore volume in the end portions of Example 4 deviates from the scope specified by the first aspect of the present 
invention, and the reinforcement mass of Example 4 also deviates from the range specified by the second aspect of 
the present Invention. Thus, Example 4 is to be placed as a comparative example In relation to Examples 1 to 3 and 
Examples 5 and 6 falling within the scopes specified by the first and second aspects of the present Invention. As for 
the comparison of these examples, Examples 1 to 3 and Examples 5 and 6 exhibit satisfactory erosion resistances as 
compared to Example 4. Incidentally, in Tables 1 to 5, the reinforcement masses indicate the parts by mass of the 
reinforced portions in relation to 100 parts by mass of the honeycomb structure before reinforcement in the reinforced 
portions. 
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(Example 7) 

[0050] By using aluminum biphosphate as the reinforcing raw material, the end portions were reinforced in a manner 
similar to that In Example 1 to give a honeycomb structure having the characteristics shown in Table 2. 
[0051] (Example 8) By using an aqueous solution containing zirconium as the reinforcing raw material, the end por- 
tions were reinforced In a manner similar to that In Example 1 to give a honeycomb structure having the characteristics 
shown in Table 2. 

[0052] (Example 9) By using an aqueous solution containing chromium as the reinforcing raw material, the end 
portions were reinforced in a manner similar to that In Example 1 to give a honeycomb structure having the character- 
istics shown in Table 2. 

[0053] (Example 10) By setting the reinforcement length of the end portions, namely, the depth for immersing Into 
the reinforcing raw material at 0.5 mm, the end portions were reinforced in a manner similar to that in Example 1 to 
give a honeycomb structure having the characteristics shown in Table 2. 

[0054] (Example 11) By setting the reinforcement length of the end portions, namely, the depth for Immersing into 
the reinforcing raw material at 2.5 mm, the end portions were reinforced in a manner similar to that In Example 1 to 
give a honeycomb structure having the characteristics shown in Table 2. 

[0055] (Example 12) By using an alumina sol as the reinforcing raw ^material, the end portions were reinforced in a 
manner similar to that in Example 1 to give a honeycomb structure having the characteristics shown In Table 2. 
[0056] (Example 13) The honeycomb structure B was used, and the end portions thereof were reinforced in a manner 
sirniiar to that In Example 1 to give a honeycomb structure having characteristics shown in Table 2. 
[0057] On the honeycomb structures obtained In Examples 7 to 13, the erosion evaluation similar to that described 
above was perfomied, and the results obtained were shown in Table 2 together with the resultfor Comparative Example 
1 . Anyone of the samples of Examples 7 to 13 exhibited satisfactory erosion resistances, as compared to the sample 
of Comparative Example 1 . Example 7 in which aluminum biphosphate was used as the reinforcing raw material ex- 
hibited a very satisfactory erosion resistance. Example 8 in which an aqueous solution containing zirconium was used 
as the reinforcing raw material also exhibited a satisfactory erosion resistance. Example 9 exhibited a more satisfactory 
erosion resistance than that in Comparative Example 1 ; however, since Example 9 used Cr as the reinforcing material, 
it exhibited a lower erosion resistance than those in Example 7 wherein aluminum biphosphate was used, Example 8 
wherein an aqueous solution containing zirconium was used, and Example 2 (Table 1) wherein a silica sol was used. 
Examples 10 and 11 are the same in reinforcing material mass but are respectively 0.5 mm and 2.5 mm in the end 
portion length, namely, the reinforcement length, to be compared with Example 2 which is the same in reinforcing 
material mass but is 5 mm in the end portion length; Examples 11 and Example 2 which are respectively 2.6 mm and 
5 mm In the end portion length exhibited a very satisfactory erosion resistance. Example 12 wherein an alumina sol 
was used as the reinforcing raw material also exhibited a satisfactory erosion resistance. Example 13 which used the 
honeycomb stmcture B exhibited a satisfactory erosion resistance; however. Example 2 having a thinner partition wall 
thickness was revealed to exhibit a more remarl<able effect. 
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(Example 14) 

[0058] By using a mixture composed of a silica sol and cordierite scrap powder as the reinforcing raw material, the 
end portions were reinforced In a manner similar to that In Example 1 to give a honeycomb structure having the char- 
5 acteristics shown in Table 3. 

[0059] (Example 15) By using a mixture composed of a silica sol and zeolite as the reinforcing raw material, the end 
portions were reinforced in a manner similar to that in Example 1 to give a honeycomb structure having the character- 
istics shown in Table 3. • 

[0060] (Example 16) A honeycomb structure was formed in a manner similar to that in Example 1 , and cut to the 
10 prescribed dimension. Then, before firing, the one side face of the honeycomb structure was Immersed'to a prescribed 
depth into a silica sol to reinforce the end portions to a prescribed amount in a manner similar to that In Example 1 . 
Subsequently the honeycomb structure was dried and fired to give a honeycomb structure having the characteristics 
shown In Table 3. 

[0061] The erosion resistances were evaluated for the honeycomb structures obtained in Examples 14 to 16 in a 
IS manner similar to that in Example 1, and the results obtained are shown in Table 3 together with the result for Com- 
parative Example 1 . 

[0062] Examples 1 4 and 1 5 each used a mixture as the reinforcing raw material; however, even by using the mixture, 
a satisfactory erosion resistance property was exhibited. Furthermore, in Example 16, the honeycomb structure was 
produced on the basis of the reinforcement method with one step firing; however, even by using this method, a satis- 
20 factory erosion resistance was exhibited. 
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[0063] (Example 1 7) The honeycomb structure C was used, and the end portions thereof were reinforced in a manner 
similar to that In Example 1 to give a honeycomb structure having characteristics shown in Table 4. 
[0064] (Example 18) The end portions were reinforced in a manner similar to that In Example 17 except that the 
reinforcement thickness (AB) was made to be 1 p.m and the reinforcement mass was made to be 4 parts by mass; thus 

s the honeycomb structure having the characteristics shown In Table 4 was obtained, 

[0065] (Comparative Example 2) The end portions were reinforced In a manner similar to that in Example 17 except 
that the total pore volume (D) and reinforcement mass of the end portions were respectively made to be 0.17cc/gand 
4 parts by mass; thus the honeycomb structure having the characteristics shown In Table 4 was obtained. 
[0066] Example 1 7 falls within the scopes specified by the first and second aspects of the present invention, and 

10 exhibited a very satisfactory erosion resistance. Example 18 falls within the scope of the first aspect of the present 
invention, but does not fall within the scope of the second aspect of the present invention, and exhibited a satisfactory 
erosion resistance although somewhat inferior to the erosion resistance found forthe honeycomb structure of Example 
17. Comparative Example 2 fails neither within the scope of the first aspect of the present invention nor within the 
scope of the second aspect, and exhibited significant erosion although the reinforcement mass was the same as that 

IS in Example 17, and thus exhibited a poor erosion resistance, incidentally, Comparative Example 2 is within the scope 
of the present invention of the production method since a silica sol Is used as a reinforcing material, and the effect of 
the present invention of the production method was attained In view of the reinforcement attained easily; however, 
Comparative Example 2 Is given as a comparative example for easier comparison of the effects between the first and 
second aspects of the present invention. 
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[0067] (Example 1 9) In a manner similar to those In Examples 1 to 6, a honeycomb structure was obtained In which 
the reinforcement thickness (AB) of the end portions of the partition walls was 30 \im and which has the characteristics 
shown in Table 5. 

[0068] (Example 20) In a manner similar to those in Examples 1 to 6, a honeycomb structure was obtained In which 
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the reinforcement thickness (AB) of the end portions of the partition walls was 11 0 M.m and which has the characteristics 
shown in Table 5. 

[0069] The erosion resistances were measured for the samples obtained in the above described Examples 19 and 
20, and the pressure losses of Examples 19 and 20, and Examples 2 and 5 were measured at room temperature by 
passing the gas through the whole end face area of a honeycomb structure with a blower-suction pressure loss meas- 
urement apparatus. The results obtained are shown In table 5. Any of these samples exhibited a satisfactory erosion 
resistance, and the samples obtained in Examples 1 9. 6, and 20 each showed a tendency to exhibit increasing pressure 
loss as compared to Example 2, as the reinforcement thickness was increased with increasing reinforcement mass. 
Moreover, the sample obtained in Example 20 exhibited the largest pressure loss because the reinforcement thickness 
(AB) itself was increased. 
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industrial Applicability 

[0070] As described above, the honeycomb structure according to the present invention is reinforced in the end 
portions for the prescribed range, and hence exhibits a satisfactory erosion resistance. Additionally, the honeycomb 
structure produced by the production method of the present invention is satisfactorily reinforced in the end portions 
and exhibits a satisfactory erosion resistance. Accordingly, the honeycomb structure of the present invention can be 
suitably used as filters, catalyst carriers, in particular, the catalyst carrier in the exhaust gas purifying device for an 
internal engine such as an automobile engine, the exhaust gas purifying filter for a diesel engine, or the like. 



Claims 



1 . A honeycomb structure which has a large number of through channels passing through in an axial direction thereof 
and being partitioned with porous partition walls, characterized In that a total pore volume (D) cc/g of end portions 
of said partition walls is smaller than total pore volume in other portions of said partition walls, and relationships 
between the total pore volume (D) cc/g in said end portions of the partition walls and a partition wall thickness (B) 
urn and a cell pitch (C) mm In the other portions of said partition walls are defined as: 

the total pore volume (D) s the partition wall thickness (B) x 0.004; and 
the total pore volume (D) (1/the cell pitch (C)) x 0.18. 

2. A honeycomb structure which has a large number of through channels passing through In an axial direction thereof 
and being partitioned with porous partition walls, characterized in that end portions of said partition walls are 
reinforced with a reinforcing material, and 5 to 25 partsby mass of said reinforcing material are contained In relation 
to 1 00 parts by mass of the honeycomb structure before reinforcement In the reinforcement portions. 

3. A honeycomb stmcture which has a large number of through channels passing through in the axial direction and 
being partitioned with porous partition walls, characterized In that a content of phosphorus (P) and/or zirconium 
(Zr) in the end portions of said partition walls Is larger than said content in the other portions of said partition walls. 

4. The honeycomb structure according to claim 1 or 2. characterized in that the content of one. two or more elements 
selected from the group consisting of phosphorus (P), zirconium (2r), silicon (Si), aluminum (Al), and titanium (Ti) 
in the end portions of the partition walls Is larger than said content in the other portions of said partition walls. 

5. The honeycomb structure according to any one of claims 1 to 4. characterized In that a relation between a dif- 
ference (AB) \im between the partition wall thickness in the end portions of the partition walls and the partition wall 
thickness in the other portions of said partition walls and a hydraulic diameter (F) ^im of the through channels In 
the other portions of said partition walls is defined as: 



AB ^ the hydraulic diameter (F) x 0.13. 



The honeycomb structure according to any one of claims 1 to 5, characterized in that the end portions of the 
partition walls are the portions within 30 mm from the end faces of the partition walls. 

The honeycomb stmcture according to any one of claims 1 to 6, characterized In that relationships between an 
axial length (G) mm of the end portions of the partition walls and the partition wall thickness (B) jim and a cell pitch 
(C) mm of the other portions of the partition walls are defined as: 

the axial length of the end portions of the partition walls (G) ^ (1/(the partition wall thickness (B)) x 50; and 
the axial length of the end portions of the partition walls (G) ^ the cell pitch (C) x 1 .0. 

The honeycomb structure according to any one of claims 1 to 7, characterized in that the thermal expansion 
coefficient in the end portions of the partition walls is 4 x 10"6/oc or less. 

The honeycomb structure according to any one of claims 1 to 8, characterized in that the ratio of the thermal 
expansion coefficient in the end portions of the partition walls to the themial expansion coefficient in the other 
portions of the partition walls is 8 or less. 
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10. The honeycomb structure according to any one of claims 1 to 9, characterized in that the honeycomb structure 
is made of one. or two or more materials selected from the group consisting of cordlerite, alumina, titan ia, aluminum 
titanate, zeolite, zirconia. zirconyl phosphate, silicon carbide, and silicon nitride. 

5 11. The honeycomb structure according to any one of claims 1 to 10, characterized in that the number (H) of through 
channels per unit cross sectional area (1 cm^) of the honeycomb structure Is 187 or less. 

12. A method of producing a honeycomb structure which has a large number of through channels passing through in 
an axial direction thereof and being partitioned with porous partition walls and is produced by reinforcing end 

10 portions of said partition walls, characterized in that the method includes the process in which one, or two or 

more reinforcing raw materials selected from the group consisting of phosphoric acid, aluminum biphosphate. a 
zirconia sol, a silica sol, a composite oxide composed of silica and an alkali metal, an alumina sol, and a titania 
sol are made to adhere onto end portions of partition walls of a honeycomb structure, and then the honeycomb 
structure is fired. 

IS 

13. The method of producing a honeycomb structure according to any one of claims 1 to 11 which has a large number 
of through channels passing through in an axial direction thereof and being partitioned with porous partition walls, 
characterized in that the method includes the process in which one, or two or more raw materials selected from 
the group consisting of phosphoric acid, aluminum biphosphate, a zirconia sol, a silica sol, a composite oxide 

20 composed of silica and an alkali metal, an alumina sol, a titania sol, cordlerite scrap powder, talc, alumina, and 

kaoline are made to adhere, and then the honeycomb structure Is fired. 

14. The method of producing a honeycomb structure according to claim 1 2 or 1 3, characterized by Including a process 
in which a reinforcing raw material is made to adhere between the process for fomrilng a honeycomb stmcture and 

25 the process for firing the honeycomb structure. 

15. The method of producing a honeycomb structure according to claim 12 or 13, characterized in that a first firing 
is performed after the process for forming a honeycomb structure, then a process for making a reinforcing raw 
material adhere onto said honeycomb structure is performed, and thereafter a second firing Is performed. 
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FIG. 3 
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